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® Test for catalyst activity. 



© A method is provided for testing the activity of a catalyst for a chemical reaction in which naphthalene is 
reversibly hydrogenated by gaseous hydrogen into tetralin. which avoids the need to pressurise a test vessel 
with hydrogen, enables simple apparatus to be used and gives good accuracy. Tetralin and catalyst are 
introduced into a sealed container (10), the container (10) is heated to a reaction temperature for a predeter- 
mined time, and the amount of naphthalene formed by dehydrogenation is determined. The method is applicable 
to the measurement of catalyst activity for catalysts used in the production by hydrogenation of coal-derived 
liquids. 
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TEST FOR CATALYST ACTIVITY 

This invention relates to a method of testing a heterogeneous catalyst used in a reversible hydrogena- 
tion reaction e.g. for the production of coal derived liquids in order to measure the hydrogenation activity of 
said catalyst. 

At the Wilsonville advanced coal liquefaction research and development facility the hydrogenation 

5 activity of the above catalysts has been measured directly. Naphthalene was hydrogenated directly in the 
presence of the catalyst and in a small stirred autoclave to yield tetralin and decalin.LGas^iquidxhrojnatog^ 
raj^y_(GLG) was used to measure the conversion of naphthalene to these products, and from this 
information the hydrogen consumption was calculated. This consumption was then used to calculate a 
function related to catalyst activity. But the Wilsonville test suffers from a number of disadvantages which it 

io is an object of this invention to remedy. Firstly the autoclave has to be pressurised with hydrogen, typically 
to 1000 psi. which carries with it an inherent risk of explosion in the event of rupture of the autoclave 
consequent upon structural failure. For this reason the Wilsonville autoclave when assembled is heavy and 
expensive. It has to be immersed in a large sand bath during heating and an air pneumatic lifter is required 
to enable the autoclave to be lifted from and returned into the sand bath. Secondly the pressure of 

is hydrogen at the outset of the test has to be measured to enable the catalyst activity to be calculated, and 
error in measuring hydrogen pressure introduces error in the measured catalyst activity. Thirdly, because of 
variable recovery of product and of unreacted starting materials from the bomb, material balances in tests 
carried out using the Wilsonville bomb of from 90 to 104% have been reported, and such inaccuracies 
could only have helped to compound errors in the measured catalyst activity. 

20 It is therefore an object of the invention to provide a test for the activity of a hydrogenation catalyst that 
does not require an initial pressunsation with hydrogen, can be earned out in a small apparatus of simple 
construction, and enables accurate material balances to be recorded in the test. 

This problem has been solved, according to the invention for the case of a reversible hydrogenation 
reaction. 

25 jAa^ihgly^there^isT^ of testing the activity^of acatalyst for a chemicalreactiqn.irj 

which- a starting- materiaNs- which? 
comprises introducing material which is chemically _the.same as the reaction product and catalyst into a 
fse^ed^bntainer, heating the container to a reaction temperature for a predetermined time, and determining 
[the amount of. a material that is chemically the same as the starting material and is formed-. by 

30 idehydrogenation. 

The terms "starting material" and "reaction product" as used herein in relation to the test method refer 
to the chemical identity of the materials formed by and/or used for the test, and not necessarily to the 
method by which the test materials have been made. 

The starting material of the overall reaction is typically an aromatic hydrocarbon and the reaction 
35 product is then a hydroaromatic hydrocarbon or a saturated hydrocarbon. Thus the hydroaromatic or 
saturated hydrocarbon and the catalyst only are present in the sealed container at the start of the test and 
the production of the aromatic hydrocarbon is measured. 

A test according to the invention preferably makes use of the equilibrium that exists between tetralin 
and naphthalene: 

40 

Naphthalene + Hydrogen ^ i >v Tetralin 
(starting material) (reaction product) 

45 

(wherein Ki represents the rate constant for the forward reaction and K2 represents the rate constant for the 
reverse reaction). The catalyst lowers the energy barrier to both the forward reaction (Ki) and the reverse 
reaction (K2), increasing the rate of both reactions, i.e. increasing both Ki and K2. The relative values of the 
50 rate constant K 2 for the reverse reaction using different catalyst samples is consequently related to the 
relative values for the rate constant Ki for the forward reaction. In this way, changes in hydrogenation 
activity (related to Ki ) can be measured by measuring functions related to K2. 

In practice tetraJin together with the catalyst to be tested is introduced into a small unstirred autoclave. 
No hydrogen is added to the autoclave. The autoclave is heated to an elevated temperature, and the tetralin 
dehydrogenates as the equilibrium shifts towards a new value characteristic of the elevated temperature 
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used. The rate at which the system moves towards equilibrium and hence the quantity of naphthalene 
produced in a given time depends upon the Jictivity of the catalyst. The quantity of naphthalene produced is 
determined by GLC or by 'H^uelear^agnetic resonane^rH-nmr); The quantity of naphthalene produced 
is then expressed as a percentage of that produced when using a fresh unused catalyst to obtain a 

5 measure of the catalyst activity. 

An autoclave that can be used to carry out a test according to the invention is shown in elevation in 
Figure 1. It comprises a thin tubular barrel 10 closeable at each end by means of a capped compression 
fitting such as Gyrolock cap 12 which is attached by means of a compression fitting 16. One of the caps 12 
is attached to a handle or T-support arm 18. A predetermined quantity (e.g. 2g) of Tetralin and a 

io predetermined quantity of catalyst are charged into the autoclave or bomb. When extrudate catalysts are 
being tested, the nominal length of the catalyst may conveniently be 70 mm. Its cross-section is known, and 
hence its cylindrical area is also known. For a fresh catalyst, the 70 mm nominal length corresponds to a 
weight of about 0.2 g for a catalyst of 1.5 mm nominal diameter. Both the mass of the catalyst taken and a 
function of its area are therefore known. The caps 1 2 are then tightened to completely seal the autoclave. 

75 For measurement of catalyst deactivation, four such bombs are prepared in this way for the fresh 
unused catalyst and three of the used catalyst whose activity is to be measured. Each autoclave is then 
heated to a reaction temperature within a small temperature band which is itself within the range 543k to 
693k, the exact choice of the band being matched to the catalyst. The experimental procedure is as follows. 
A thermocouple is attached to the exterior of the autoclave, and the assembly is then immersed in a sand 

20 bath for a precisely measured time period e.g. twenty minutes and during that time is suspended from and 
gently shaken by a flask shaker. After the time period has expired, the bomb is immediately taken from the 
sand bath and quenched in a bucket of cold water. The above procedure is repeated for a number of fresh 
catalyst samples and for a number of used catalyst samples at temperatures dispersed as evenly as 
possible over the above mentioned temperature band. The reaction products are recovered from each 

25 autoclave and the percentage of naphthalene is determined by GLC or NMR. 

For interpretation of the resulting measurements, the loge of the % naphthalene corrected to a standard 
catalyst quantity is then plotted against 1000T where T represents the test temperature of an individual 
autoclave in " K for both the fresh and used catalyst. Two straight line graphs are obtained as in Figure 2, 
one for the fresh catalyst and one for the used catalyst and the loge % naphthalene may be found by 

30 interpolation for both the fresh and the used catalyst at a standard temperature. The^catalyst activity is then 
expressed as: 

100 x % naphthalene for used catalyst/% naphthalene for fresh catalyst 

Alternatively, a catalyst activity function may be found which relates the movement of the system 
towards equilibrium for the fresh catalyst with that of the used catalyst in terms of time. Figure 3 of the 
35 accompanying drawings illustrates the manner in which catalyst activity is calculated on a time basis. 

It will be appreciated that the above procedure has significant advantages in that the autoclave or bomb 
used can be made of simple metal tube closed by end caps, the reason being that no hydrogen is charged 
from the outset and the autoclave has only to withstand the pressure of the relatively small amount of 
hydrogen evolved in the dehydrogenation reaction. Material recovery is considerably easier, and material 
40 balances of 99.9% have been achieved, eliminating errors due to variable recovery from the bomb. 

Claims 

45 1 . A method of testing the activity of a catalyst for a chemical reaction characterised in that a starting 
material is reversibly hydrogenated by gaseous hydrogen into a reaction product, whicfPcomprises 
introducing a material that is chemically the same as the reaction product and catalyst into a sealed 
container, heating the container to a reaction temperature for a predetermined time, and determining the 
amount of material that is chemically the same as the starting material and has formed by dehydrogenation. 

so 2. A method according to claim 1 characterised in that the starting material is an aromatic hydrocarbon 
and the reaction product is a hydroaromatic hydrocarbon. 

3. A method according to claim 2 characterised in that the starting material is naphthalene and the 
reaction product is tetralin. 

4. A method according to any preceding claim characterised in that the catalyst is a homogeneous 
55 catalyst. 

5. A method according to any of claims 1-3 characterised in that the catalyst used is a heterogeneous 
catalyst. 

6. A method according to any preceding claim characterised in that the catalyst is a catalyst used in the 
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production by hydrogenation of coal-derived liquids. 

7. A method according to any preceding claim characterised in that first measurements are made with 
fresh catalyst and second measurements are made with used catalyst 

8. A method of testing the activity of a catalyst for a chemical reaction in which naphthalene is 
5 reversibly hydrogenated by gaseous hydrogen into tetralin, which comprises introducing tetralin and 

catalyst into a sealed container, heating the container to a reaction temperature for a predetermined time, 
and determining the amount of naphthalene formed by dehydrogenation. 
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